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generating glutamatergic V2a-interneuons. In LMO4;SCL compound
mutant embryos, V2a-interneurons increase markedly at the expense
of V2b-interneurons.We further demonstrate that LMO4nucleates the
assembly of a novel LIM-complex containing SCL, Gata2 and NLI. This
complex activates specific enhancers in V2b-genes consisting of
binding sites for SCL and Gata2, thereby promoting V2b-interneuron
fate. Thus, LMO4playsessential roles indirecting abalancedgeneration
of inhibitory and excitatory neurons in the ventral spinal cord.
doi:10.1016/j.ydbio.2009.05.453
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Epibranchial placodal cells are required non-cell autonomously
for the formation of neural crest-derived otic ganglion
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Neural crest cells (NCCs) give rise to all parasympathetic motor
ganglia. Several trophic factors have been identified for survival of
parasympathetic ganglia, but the detailed source of these factors
remains unclear. To address this problem, we focused on the
development of the NCC-derived otic ganglion. Using the Hoxa3-Cre/
ROSA-EYFP genetic lineage reporter, which labels rhombomere 6 (r6)-
derived NCCs, we found that the otic ganglion originates from r6. The
otic precursors initially migrate toward the third branchial arch (ba3),
and pass through the epibranchial placode-derived cells (petrosal
ganglion) in ba3 before migrating into the more rostral ba2. This NCC-
placode interaction suggests that placodal cells may be important for
the migration, differentiation, and/or survival of NCC-derived otic
precursors. To test this hypothesis, we analyzed Neurog2−/− embryos,
which show a significant decrease in neurons of the petrosal ganglion.
We found that this placodal defect caused an 80 reduction in the
number of neural precursors in the otic ganglion. To elucidate the
underlying cause of this defect in Neurog2−/− embryos, we placed the
Hoxa3 lineage reporter in the background of Neurog2−/− embryos and
followed the fate of r6-derived NCCs. We show that NCCs delaminate
normally from the dorsal r6, but undergo apoptosis midway to the
petrosal ganglion, thus failing to reach their proper target area in ba2.
These results suggest that placodal cells provide non-cell autonomous
signals required for survival and/or migration of neural crest-derived
parasympathetic motor ganglia.
doi:10.1016/j.ydbio.2009.05.454
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The Atoh1-expressing cell lineage develops into both hair cells and
supporting cells
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Auditory function depends on the formation of a highly ordered
mosaic of hair cells (HC) and supporting cells (SC) in the cochlea.
During development, formation of the prosensory domain first
distinguishes HC and SC progenitors from other epithelial cells in
the cochlear duct. Expression of the transcription factor Atoh1 is
thought to be the earliest determinant of HC fate; absence of Atoh1
results in a complete loss of both HCs and SCs, while misexpression of
Atoh1 in nonsensory cells induces ectopic HCs. Early cochlear
expression of an Atoh1-LacZ knock-in reporter is broad, but at later
stages, expression is found only in HCs. Consequently, it is not clear
whether Atoh1 is ever expressed in SC progenitors, or is exclusively in
HC progenitors. To discriminate between these possibilities, we used
an inducible Cre-PR to permanently mark Atoh1-expressing cells with
YFP, and have found that a significant percentage of cells from this
lineage do develop as SCs. Inhibition of Notch signaling, necessary for
the formation of the HC-SC mosaic, increases the total number of YFP-
labeled cells, but decreases the percentage that develop as supporting
cells. Our results suggest that the Atoh1/HC lineage is established
early in cochlear development, but that expression of Atoh1 in
prosensory cells does not absolutely result in commitment to a HC
fate. Instead, our data indicate that Atoh1 is neither expressed in all
prosensory cells, nor is restricted only to HCs, suggesting that the
pattern of Atoh1 expression in the developing cochlea may be more
complex than previously supposed.
doi:10.1016/j.ydbio.2009.05.455
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Molecular factors that regulate neuronal cell fate determination
within the developing inner ear
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During mammalian inner ear development, the generation of
prosensory, proneural and nonsensory lineages from multipotent
progenitor cells located within the otocyst requires distinct molecular
programs that are spatio-temporally coordinated to give rise to
mechanosensory hair cells, neurons of the cochleovestibular ganglion
(VIII cranial nerve), and nonsensory cells respectively. While some of
the genes that specify the hair cell lineage have been identified,
factors that are sufficient to induce a neuronal fate are unknown.
Here we show that nonsensory epithelial cells within the cochlea can
be induced to develop as neurons through ectopic expression of the
proneural basic helix-loop-helix transcription factors Neurog1 or
NeuroD1. Moreover, since the high-mobility-group type transcription
factor Sox2 is expressed in otocyst proneural cells and, later, in
cochlear ganglion neurons, we utilized both gain- and loss-of-
function studies to examine the role of Sox2 in cochlear neuron
formation. We show that ectopic expression of Sox2 is sufficient to
induce a neuronal fate in nonsensory epithelial cells. Moreover,
cochlear ganglion neurons were absent in Sox2-deficient cochleae,
indicating that Sox2 is also required for neuronal formation. Our data
indicate that Sox2, Neurog1 and NeuroD1, are all sufficient to induce a
neuronal fate in otocyst-derived cells, demonstrating that nonsensory
regions of the developing cochlea retain neurogenic capacity at least
through the early postnatal period. These results suggest that spatio-
temporal regulation of transcription factor expression plays a key role
in the development and patterning of the inner ear.
doi:10.1016/j.ydbio.2009.05.456
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Wnt/β-catenin signaling promotes hair cell formation in the
avian cochlea
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Canonical Wnt signaling has been implicated in multiple devel-
opmental events including the regulation of cell fate, differentiation
and pattern formation. Activation of the canonical Wnt/β-catenin
pathway leads to the down-regulation of GSK3b, which normally
targets β-catenin for ubiquitin-dependent proteolysis, resulting in the
accumulation of β-catenin in the cytoplasm. β-catenin migrates to
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